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Description 

Background of the Invention 

1. Field of the Invention 

5 The present invention relates to a naphthalene derivative and a polymerizable composition containing 
the same. More specifically, it relates to a polymerizable naphthalene derivative monomer suitable for use 
in the preparation of a resin hving a high refractive index (e.g., 1.58 or more) and having high speed 
moldability. 

to 2. Description of the Prior Art 

Various polymers, such as polymethylmethacrylate, polystyrene polycarbonate, and diethylene glycol 
diallyl carbonate, are utilized for the production of so-called "organic glass". Offering the advantages of 
lightness, safety (i.e., hard to break), good workability, and good dyeing properties, such organic glass is 
finding application In numerous fields. Particularly promising has been its use for spectacle lenses. 

io A polymer of diethyieneglycol diallyl carbonate, however, has a low refractive index (e.g., 1.499). 

Therefore an organic spectacle lens naturally becomes thick as compared with an Inorganic spectacle lens. 

Polystyrene and polycarbonate have high refractive indices i.e., 1.59, but have poor solvent resistance. 
Also, since these resins are thermoplastic, molding strain tends to remain upon injection molding, which is 
mainly used in the formation of spectacle lenses. To overcome this latter problem, various methods have 

20 been proposed to heat-cure the polymerizable monomers, as disclosed Jn, for example, Japanese 
Unexamined Patent Publication (Kokai) Nos. 55—13747, 56—61411, 56—61412, 57—2311, 57—2312, 
57—23611, 57—28115, 57—28116, 57—28117, and 57—28118. According to these prior arts, homogeneous 
mixtures of monomer compositions and polymerization initiators are first injected into casting molds and 
are then thermally polymerized for a long time (e.g., 10 hours In one cycle) to obtain the desired cured 

6 products, which thus have no optical distortion. However, these methods are disadvantageous in that 
many casting molds are required due to the low efficiency in use (i.e., the long cycle time, and in the 
thermal energy required for the long-time thermal polymerization. Thus, the productivity is extremely low. 

Many of these monomers have an aromatic ring. However, crystals tend to precipitate at room 
temperature in the presence of other copolymerizable monomers due to the low solubility of the 
30 monomers. As a result, the copolymers have poor weathering resistance and are sometimes difficult to 
dye. 

Summary of the Invention 

Accordingly, an object of .the present invention is to eliminate the above-mentioned disadvantages in 
& the prior art and to provide a curable monomer having an extremely high refractive index, a high boiling 
point, non-toxicity, easy handling properties, good compatibility with other copolymerizable monomers, 
and excellent curability. 

Another object of the present invention is to provide a polymerizable composition capable of 
producing resins having a high refractive index, excellent surface hardness, solvent resistance, thermal 
40 resistance, Impact resistance, and dyeing properties at an extremely short curing time. 

Other objects and advantages of the present invention will be apparent from the following description.. 

In accordance with the present invention, there is provided a naphthalene derivative having the 
general formula: 

R 1 

CH^C-C-OH-R 2 ) m (O lQ)— Y Cn 



'2 



wherein R 1 is H or CH* R 2 is -CH 2 CH 2 0— , -CH(CH,)CH 2 0-, or -CH 2 CH<OH)CH 2 0— , X Is H, CI, Br, CH S , 
CH s O, CsHg, or C 6 H 8 0, and m is an integer of 1 to 3. 

• In accordance with the present invention, there is also provided a polymerizable composition suitable 
for use in the preparation of a high refractive index resin comprising: (A) 30% to 95% by weight of at least 
one monomer having the general formula: 

R 1 



60 ch 2 =c-c-o-^-r 2 -i — QrOn} — y U> 



65 wherein R 1 is H or CH a , R 2 is — CH 2 CH 2 0— . — CH(CH 3 )CH 2 0— , or — CH 2 CH(OH)CH 2 0— , X is H, CI, Br, CH 3 , 

3 
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CH 3 0, C 6 H Sf or C 6 H s O, and m is an integer of 1 to 3 (provided that, in the case of R* = — CH 2 CH(OH)CH a O, m 
is preferably 1); (B) 0% to 65% by weight of at least one monomer having the general formula 

R 3 R 3 

CH 2 =C-C00+ R 4 ^ ArO ArO ^R 4 ^OOC=CH 2 (II) 

wherein R 3 is H or CH 3 , R* is — CH(CH 3 )CH 2 0— , — CH 2 CH 2 0— or-^H 2 CH(OH)CH 2 0— , Ar is a bivalent 
to phenol residue, n is an integer of 1 to 3, p is an integer of 0 to 4, provided that p » 0 In the case of R 4 =* 
— CH 2 CH 2 0— or — CH(CH 3 )CH 2 0— (furthermore, In the case of R 4 = — CH 2 CH(0H)CH 2 0— , n is preferably 
1); and (C) 5% to 30% by weight of at least one monomer having a refractive index of at least 1.450 and 
having the general formula: 

R 5 

(CH^-COO-^R 6 

20 wherein R 8 is H or CH 3 , R e is a saturated aliphatic hydrocarbon residue, which may contain an ether, ester, 
or alcohol linkage, having 2 to 20 carbon atoms and having a valency of q, and q is an integer of 2 to 6. The 
total amount of the composition is 100% by weight. 

A further object of the invention is a polymer resin obtainable by polymerizing the stated composition. 

25 Brief Explanation of the Drawings 

The present invention will be better understood from the following description presented in 
connection with the accompanying drawings, in which: 

Fig. 1 is an IR analysis chart of a-(P-acryloyloxy ethoxy) naphthalene obtained in Example 1, and 
Fig. 2 is an IR analysis chart of a-(0-acryloyloxy ethoxy) naphthalene obtained in Example 2. 

30 

Description of the Preferred Embodiments 

The naphthalene derivatives (!) according to the present invention can be prepared by various 
methods. Typical examples of such methods are as follows* The synthesis conditons in the following 
methods are those used in similar conventional methods. 
3$ (i) Monohydric alcohols having the following general formula (IV): 

(IV) 

wherein R 2 , X, and m are as defined above are reacted with (meth)acrylic acid to effect an esterification 
reaction. 

(ii) the monohydric alcohols having the above-mentioned general formula (IV) are reacted with lower 
alky! esters of (meth)acrylic acid to effect an ester exchange reaction. 

45 (iii) the monohydric alcohols having the above-mentioned general formula (IV) are reacted with 
(meth)acryloyl chloride in the presence of a base. 

Monohydric alcohols represented by the general formula (IV) can be generally obtained by, for 
example, (a) addition reacting a substituted or unsubstituted alkylene oxide with a-naphthol, 0-naphthol, a 
substituted derivative thereof, or a mixture thereof, or (b) addition condensation reacting a substituted or 

so unsubstituted alkylene carbonate with a-naphthol, p-naphthol, the substituted derivative thereof, or a 
mixture thereof. The value m in the general formula (I) thus obtained depends upon the reaction mol ratio 
of the naphthols and (a) the substituted or unsubstituted alkylene oxide or (b) the substituted or 
unsubstituted alkylene carbonate. The substituted or unsubstituted alkylene oxides used in the synthesis of 
these polyoxyalkylene compounds are propylene oxide or ethylene oxide. The substituted or unsubstituted 

55 alkylene carbonates are propylene carbonate or ethylene carbonate. 

In addition to the above-mentioned methods (i), (ii), and (iii), the compounds (I) can be prepared by the 
following methods (iv) and (v). 

(iv) The above-mentioned monohydric alcohols or naphthols are reacted with glycidyl (meth)acrylates. 

(v) The above-mentioned naphthols are reacted with epihalohydrin to form glycidyl ether compounds 
60 and the resultant glycidyl ether compounds are then reacted with (meth)acrylic acid. 

According to the present invention, a polymerizable composition, suitable for use in the preparation of 
high refractive index resin, comprises compounds (I), (II), and (III). 

The compounds (I) used as a monomer (A) in the present composition should be contained in an 
amount of 30% to 95% by weight, preferably 33% to 90% by weight, more preferably 35% to 85% by 
65 weight. Typical examples of the monomer (A) are as follows: 




4 
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CH 2 =CH-COOCH 2 CH 2 0 



7* 

CH2 s C-COOCH 2 CH 2 0 



CH 2 »CH-COO-4-CH 2 CH 2 0 )f [Q jkQ 




f 3 f H 3 

16 CH 2 =C-COOCHCH 2 0 



CH 2 =CH-COOCH 2 CHCH 2 0 — ^CQ) 



'I 

20 OH 



f3 —-m 



CH 2 »C-COOCH 2 CHCH 2 0 
OH 

CI 

CH 2 =CH-COOCH 2 CH 2 0 — (^IQ) 

CH 3 v^/v 
35 CH 2 =C-COOH-CHCH 2 0-^-^JO, 

CH, 



40 ?Hj 



Br 



CH 2 =C-COOCH 2 CHCH 2 0 4StO] 
OH 




CH 3 ?"> 



CH 2 =CH-COOCHCH 2 0 — tQj© 



The compounds (II) used as a monomer (B) in the present composition are contained in an amount of 
0% to 65% by weight The "0% by weight" means no presence of the monomer (B) In the present 
composition. The presence of the monomer (B) in the present composition minimizes the separation of the 
55 products from the mold caused by the cure shrinkage and improves the toughness and sometimes the 
dyeing properties of the products. 

Typical examples of such monomer (B) are as follows. 

ea 2 Ka- < K«a 2 ca 2 o-^)-o-^-a H2( a 2 oawwaj 

65 (2*3 
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f3 fi ft ft ft 



ft 

OH CHj " OH 




Br Otj Br 

0H \ OH 
35 C^-OHXOCH^O OCHjO^OCOawaL, 

mo) . 

The compounds (III) used as a monomer (C) in the present composition should be contained in an 
so amount of 5% to 30% by weight, preferably 1 0% to 27% by weight more preferably 1 5% to 25% by weight. 
The use of the monomer (C) increases the Abbe nuumber of the products as well as the crosslinking density 
and also improves the solvent resistance and hardness of the cured copolymerization products. 

Typical examples of the monomer (C) are as follows, 

CH 2 «CH-COOCH 2 CH 2 OCOCH=CH 2 

CH 2 »CH-COOCH 2 CHCH 2 OCO-CH=CH 2 

60 I 

OH 

CH- CH- CH- 

I 3 I 3 I 3 

65 CH 2 =C-CO — (- OCHCH 2 -4-OCOC*CH 2 
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I 3 

CH-=CHCOOCH--C-CH-OCO-CH=CH n 
2 2 | 2 2 



5 



CH 



3 




20 



is 




The above-mentioned mixing amounts of the monomers (A), (B), and (C) depend upon, for example, 
the types and the usage amount of the monomers. Generally speaking, when the amount of the monomer 
(A) In the composition is more than 95% by weight, the surface hardness, thermal resistance, solvent 
25 resistance, and cutting workability or processability of the cured copolymerization products are 
unpreferably decreased. Contrary to this, when the amount of the monomer ^A) in the composition is less 
than 30% by weight, the impact strength and processability of the cured copolymerization products are 
unpreferably decreased, although the surface hardness and solvent resistance are increased. 

The amount of the monomer (C) depends upon the types and the usage amount of the monomers (A) 
30 and (B) or the refractive Index and the number of the functional group of the monomer (C). Generally 
speaking, when the amount of the monomer (C) in the composition Is more than 30% by weight, the 
refractive index, impact strength, and processability of the cured copolymerization products are 
unpreferably decreased, although the Abbe number as well as the surface hardness and solvent resistance 
are increased. Furthermore, the use of the monomer ? (C) of more than 30% by weight sometimes results in 
55 the separation of the products from the cast mold by shrinkage during the curing and decreases the surface 
finish of the cured products. 

The polymerlzable composition of the present invention can be radical polymerized by using a radical 
polymerization initiator to produce resins having a high refractive index. Furthermore, the polymerization 
can be carried out by using an actinic energy ray such as ultraviolet light or gamma rays. The desired resin 
40 having a high refractive index and no optical distortion can be prepared in a short time by any method. 

In particular, ultraviolet copolymerization can be advantageously used in the copolymerization of the 
present composition since the copolymerization can be effected in an especially short time (i.e., the 
productivity is extremely high) and the cured product has substantially no optical distortion. 

The radical copolymerization initiators suitable for use in the thermal copolymerization of the present 
45 composition include any conventional initiators such as benzoyl peroxide, diisopropyl peroxydicarbonate, 
and azobisisobutyronitrile. 

In the case where, the present composition is subjected to ultraviolet copolymerization, any 
conventional photosensitizers such as benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin 
Isopropyl ether, benzoin isobutyl ether, 2-hydroxy-2-benzoyl-propane, azobisisobutyronitrile, benzyl, and 
so thioxanthone, is useful. 

The above-mentioned radical polymerization initiators or photosensitizers are preferably used in an 
amount of at most about 5% by weight based on the weight of the present composition. When radiation 
such as gamma rays is used for the copolymerization of the present composition, the use of polymerization 
Initiators Is not generally required. 



55 



60 



CH 2 <31-aXCH 2 CH 2 OCH 2 CH 2 -CH 




l OK^Oi 2 (XH 2 CH 2 OCOCH==CH 2 
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CH,=CHCOOCH, CH-OCOCH=CH- 

\ / 2 2 
CH 2 =CHCOOCH 2 — C-CH 2 -0-CH 2 -C-CH 2 OCOCH=CH 2 

CH^CHCOOCH^ CH 2 OCOCH=CH 2 

f3 
CH 2 «C-COOCH 2 



I 3 



\ 

CH 2 =C-COOCH 2 — C-CH 2 CH 3 

r> / 



CH 2 »C-COOCH 2 



In addition to the above-mentioned monomers, other ingredients, for example, yellowing preventing 
agents such as triphenyi phosphine, leveling agents such as fluorine surfactants, and ultraviolet absorbers 
such as 2-(2-hydroxy-5-methylphenyl)-2H-benzotriazole may be used, so long as the polymerization and 
curing are not adversely affected. 

The desired glass lenses can be manufactured from the polymerizable compositions according to the 
present invention as follows. That is, the polymerizable compositions are injected into casting molds for 
lenses composed of glass molds and gaskets, cured by means of heating or irradiation of ultraviolet light or 
other actinic energy rays, and then removed from the molds as products. 

The resins produced from the polymerizable compositions of the present invention have a refractive 
index of 1.58 to 1.65, depending upon the compositions of the monomers, which Is higher than those of 
conventional transparent thermosetting resins (urea resin = 1.54, melaminc resin = 1.55, alkyd resin - 
1.54, diallylphthalate resin = 1.56, diethylene glycol bisallyl carbonate resin = 1.499). Furthermore, the 
transparent resins produced from the polymerizable compositions of the present invention have excellent 
thermal resistance and surface hardness. Therefore, the resins according to the present invention can be 
advantageously used as spectacle lenses and also as camera lenses, sealers for luminescent diodes, 
adhesives for lenses, luminous head binders, and other optical elements, decorative cast articles, and 
coating compositions. 



EXAMPLES 

The present invention now will be further illustrated by, but is by no means limited to, the following 
examples, in which all percents and parts are on a weight basis unless otherwise specified. 

The cast molded products obtained in the examples and comparative examples are evaluated 
according to the following test methods. 

(1) Refractive Index 

The refractive index was determined at 20°C by means of an Abbe refractometer. Bromonaphthalene 
was used as a contact liquid. 

(2) Hardness 

The hardness was determined by means of a Barcol hardness meter. 

(3) Surface Conditions 

The surface conditions were evaluated by visually observing the surface conditions or appearance of 
the top and bottom surfaces of the cast molded product according to the following criteria. 

o — Smooth on both surfaces. 

A — Slight roughness was observed. 

x — Roughness was observed in the entire surfaces. 

(4) Light Transmittance 

The light transmittance of a flat plate of the cured product having a thickness of 2 mm was determined 
at 550 nm. 

(5) Impact Strength 

The impact strength was determined, according to FDA specifications, by dropping a steel ball having a 
weight of 16.2 g and a diameter of 15.9 mm from 127 cm height on the center of the flat plate of the cured 
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product having a thickness of 2 mm. 

Good — No cracks. 
Poor — Cracks. 

5 

(6) Thermal Resistance 

The cured product was allowed to stand at a temperature of 120°C in a hot air oven for 3 hours. The 
conditions of the products were visually evaluated according to the following criteria 

10 o — No coloring, no surface distortion, 

x — Surface distortion. 



(7) Dyeing Property 

The cured product was dipped in a 0.2% Disperse Brown-3 aqueous solution at a temperature of 92°C 
. 15 for 10 minutes, was thoroughly washed with water, then was dried. The dyed product was evaluated as 
follows. 

o — Uniform dyeing. 
A — Non-uniform dyeing. 
20 Example 1 

A 575.7 g amount of a-(P-hydroxyethoxy) naphthalene, 226.3 g of acrylic acid, 2.9 g of concentrated 
sulfuric acid, 3.0 g of hydroquinone, and 600 ml of toluene were charged into a 2 liter 4-necked separable 
flask provided with an agitator, a thermometer, an air inlet, and a Dean Stark separator with a cooler. The 
azeotropic dehydration reaction was carried out for 7 hours. 
2s Thus, a reaction product containing 98.2% of a-(p-acryloyloxyethoxy) naphthalene and 1.8% of by- 
products was obtained. No starting material was found. A chromatograph analysis was carried out under 
the following conditions. 

Column: Silicon OV— 17 column (2 m), 

30 

Injection temperature: 300°C, 
Column temperature: 200°C, 
Detector: FID detector 

Carrier gas: N 2 60 ml/miiv. 



35 



40 



The product obtained above was washed three times with a dilute aqueous alkali solution and then 
three times with distilled water The product was dried over magnesium sulfate. The toluene was distilled 
off in vacuo. Thus, the desired product, a-(p-acryloyloxyethoxy) naphthalene was obtained. The boiling 
point of the product was 160°C/0.45 mmHg. Infrared spectrophotometric analysis using a JASCO A—3 IR 
spectrophotometer (manufactured by JASCO) gave the results shown in Fig. 1. 

Nuclear magnetic resonance (NMR) spectroscopic analysis using TMS as an internal standard and by a 
45 JNM FX— 200 (manufactured by JEOL Co.) gave the results as follows {'H = 200 MHz, 1 ?C = 50 MHz). 
n|° = 1.586 

1H— NMR: 5 (CDCI 3 ppm 4.13 (2H, t, J=5Hz), 4.51 (2H, t, J=5Hz), 5.70 (1H, dd, J=2, 10Hz), 6.09 (1H, dd, 
J=10, 17Hz), 6.39 (1H, dd, J-2, 17Hz), 6.61 (1H, dd, J=1, 8Hz), 7.35 (4H, m),7.71 (1H, dd, J=3.5, 6Hz), 8.25 
(1H,dd, J=3.5,6Hz) 

so 13 C-NMR: 6(CDCI 3 ) ppm 62.7 (t), 66.1 (t), 104.9 (d), 120.7 (d), 122.0, (d), 125.3 (d), 125.6 (s), 125.7 (d), 

1215.4 (d), 127.4 (d), 128.1 (d), 131.0 (t), 134.5 (s), 154.2 (s), 165.9 (s) 

Example 2 

The reaction was carried out by using, as starting materials, 564.7 g of P-(P-hydroxyethoxy) 
55 naphthalene, 226.3 g of acrylic acid, and 5.1 g of p-toiuene sulfonic acid in 600 ml of toluene in the reaction 
flask used in Example 1. The reaction was carried out for 10 hours. The reaction product was washed with 
an alkali solution. The toluene was distilled off in vacuo and the residue was recrystallized from 
cyciohexane. 

Thus, the desired product, p-(p-acryloyloxyethoxy) naphthalene was obtained. Infrared absorption 
60 spectrophotometric analysis gave the results shown in Fig. 2. The melting point was 59°C to 71°C. NMR 
analysis gave results as follows. 

*H — NMR: 5 (CDCI 3 ) ppm 4.23 (2H, t, J=5Hz), 4.52 (2H, t, J«5Hz), 5.79 (1H, dd, J=2, 1 1 Hz), 6.14 (1 H, dd, 
J-11, 17Hz), 6.43 {1H, dd, J=2, 17Hz), 7.13 (2H, m), 7.36 (2H, m), 7.70 (3H, m) 

"C— NMR: 6(CDCI 3 ) ppm 62.9 (t), 65.9 (t), 106.9 (d), 118.8 (d), 123.8 (d), 126.4 (d), 126.8 (d), 127.6 (d), 
65 128.1 (d), 129.2 (s), 129.5 (d), 131.2 (t), 134.4 (s), 156.5 (s), 166.0 (s) 
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Example 3 

The reaction was carried out for 10 hours in the same manner as in Example 1, except that 941.1 g of 
a-(co-hydroxypropoxy) naphthalene and 284.4 g of methacrylic acid were used as starting materials. The 
desired a-(a)-methacryloyloxypropoxy) naphthalene R 1 » CH 3 , R 2 » — CH(CH 3 )CH a O — , and m « 2 in the 
5 general formula (I) was obtained. 

The analysis results obtained in the same manner as in Example 1 are as follows. 

n|° = 1.554 

B.P.: 200°C or more/0.5 mmHg 
!R (cm" 1 ) 
io Ester 1725 (C - 0) 

Terminal methylene 1650 <C « C), 1410 (CH in plane), 890 (CH out of plane) 

Ether 1080 

Methyl group 1380 

Naphthyl 1600, 1510, 800 (adjacent 3H), 770 (adjacent 4H) 
• 15 1 H— NMR: 6(CDCI 3 ) ppm 1.24 (3H, d, J=7Hz), 1.27 (3H, d, J=7Hz), 1.98 (3H, d, J=2Hz), 3.7-4.4 (6H, m), 
6.62 (1H, dd, J=1, 8Hz), 7.30 (4H, m), 7.72 (1H, dd, J=3.5, 6Hz), 8.25 (1H, dd, J=3.5, 6Hz) 

Example 4 

A 501.4 g amount of an epoxy compound having a boiling point of 173°C to 175°C/0.4 mmHg and an 
20 epoxy equivalent of 204 obtained from the condensation of epichlorohydrine and p-naphthol in the 
presence of aqueous caustic soda was charged, together with 168.5 g of acrylic acid, 4.0 g of lithium 
chloride, and 0.3 g of hydroquinone monomethyl ether, into a 2 liter 4-necked separable flask provided with 
an agitator, a thermometer, an air inlet, and a cooler. The reaction was carried out at a temperature of 1 10°C 
to 120°C, while air was introduced, until the acid number became 3 or less. Thus, the desired product 
25 essentially consisting of 0-{3-acryloyloxy-2-hydroxypropoxy) naphthalene [i.e., R 1 = H, R 2 « 
— CH 2 CH(OH)CH 2 0— , and m = 1 in the general formula (I)]. 

The analysis of the desired product gave the results as follows. 

ng> = 1.597 

B.P.: 200°C or more/0.5 mmHg 
30 IR (cnrT 1 ) 

Ester 1725 (C = O) 

Terminal vinyl 1640 (C « C), 1415 (CH in plane), 980 (CH out of plane) 
Ether 1120 

Naphthyl 1590, 1510, 840 (adjacent 2H), 760 (adjacent 4H) 
35 Alcohol 3400 

1 H — NMR: 6(CDCI 3 ) ppm 2.80 (1H, brs), 3.8-4.2 (5H, m), 5.71 (1H, dd, J=2, 10Hz>, 5.97 (1H, dd, J=10, 
17Hz), 6.33 (1H, dd, J=2, 17Hz), 7.14 (2H, m), 7.37 (2H, m), 7.70 (3H, m) 

Example 5 

40 The reaction was carried out in the same manner as in Example 1, except that 552.5 g of a-(co- 

hydroxydiethoxy) naphthalene and 317.1 g of acrylic acid were used as starting materials. Thus, the desired 
a-(a>-acryloyloxydiethoxy) naphthalene [i.e., R 1 = H, R 2 = — CH 2 CH 2 0— , and m ■ 2 in trie above-mentioned 
general formula (I)]. 

Analysis of the desired product by the same manner as in Example 1 gave the results as follows. 
45 nf = 1.535 

B.P.: 200°C or more/0.5 mmHg 
IRfcm- 1 ) 
Ester 1725 (C = O) 

Terminal methylene 1650 (C = C), 1415 (CH in plane), 870 (CH out of plane) 
so Ether 1115 

Methyl group 1370 

Naphthyl 1610, 1520, 790 (adjacent 3H), 760 (adjacent 4H) 
1 H — NMR: 6(CDCI 3 ) ppm 1.99 (3H, d, J=2Hz), 4.2 (4H, m), 4.5 (4H, m), 5.68 (1H, dd, J=2, 10Hz), 5.88 (2H, 
m), 7.35 (4H, m), 7.70 (1H, dd, J=3.5, 6Hz), 8.21 (1H, dd, J=3.5, 6Hz) 

55 

Example 6 

The reaction was carried out in the same manner as in Example 1, except that 640.7 g of p-(co- 
hydroxytripropoxy) naphthalene and 1 89.4 g of methacrylic acid were used as starting materials. Thus, the 
desired product, p-(<o-methacryloyloxytripropoxy) naphthalene [i.e., R 1 « — CH* R 2 « — CH(CH 3 )CH 2 0—, 
go and m = 3 in the general formula (I)] was obtained. 

Analysis of the desired product by the same manner as in Example 1 gave the results as follows. 

n§> = 1.529 

B.P.: 200°C or more/0.5 mmHg 
IR (cm- 1 ) 
65 Ester 1725 (C - O) 
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Terminal vinyl 1645 (C - C), 1415 (CH in plane), 970 (CH out of plane) 
Ether 1090 
Methyl group 1380 

Naphthyi 1600, 1520, 840 {adjacent 2H), 770 (adjacent 4H) 
5 1 H— NMR: 6{CDCI a ) ppm 1.23 (3H, d, J=7Hz), 1.24 {3H, d, J=7Hz), 1.27 (3H, d, J=7Hz), 3.6—4.8 (9H, m), 

5.83 (1H, dd, j=2, 1 1Hz), 6.21 (1H, dd, J=1 1, 17Hz), 6.38 (1H, dd, J=2, 17Hz), 7.15 (2H, m), 7.35 (2H, m), 7.70 
(3H, m) 

Example 7 

io A 75 part amount of a-<|3-acryloyloxyethoxy) naphthalene obtained In Example 1, 25 parts of 
dipentaerythritol, 1.0 part of 2-benzoyl-2-hydroxypropane,"0.1 part of triphenylphosphine as a yeilowing 
preventing agent, and 0.2 part of 2-(2-hydroxy-4-methylphenyl) benzotriazol as a ultraviolet absorber were 
mixed together to prepare a uniform mixture. , J , 

The mixture was injected into glass cast molds for spectacle lenses. After degassing, the top and 
is bottom surfaces were independently irradiated for 10 seconds from 10 cm distance by means of a 2 KW 
high pressure mercury vapor lamp. 

The cured products were recovered from the molds and were thermally treated at a temperature of 
100°C for one hour in an oven. Thus, clear spectacle lenses having no optical distortion were obtained. 

The physical properties of the spectacle lenses thus obtained were as follows. 

20 

Refractive index: 1.610 
Hardness (Rockwell hardness): 115 
2s Surface condition: Smooth in both surfaces 

Light transmittance: 91 
Impact strength: No crack 

30 

Thermal resistance: No coloring and no 

surface distortion 

Dyeing property: Uniform dyeing 

35 

Example 8 

An 80 part amount of a-(0-acryloyloxyethoxy) naphthalene, 20 parts of dipentaerythritol hexacrylate, 
0.1 part of 2-benzoyl-2-hydroxypropane, 0.1 part of triphenylphosphine as a yellowing preventing agent, 
and 0.03 part of 2-(2-hydroxy-5-methyl phenyl )-2H-benzotriazole were mixed together to form a uniform 

40 mixture. v _ • . . , 

The uniform mixture was injected into glass cast molds for spectacle lenses. After degassing, the top and 
bottom surfaces were irradiated from a 20 cm distance for 20 seconds in total by means of a 3 kW high 
pressure mercury vapor lamp having a lamp inlet power of 80 W/cm. 

The cured products were recovered from the molds and were thermally treated at a temperature of 
45 100°C for one hour in an oven. Thus, clear lenses having no optical distortion were obtained. 
The physical properties of the lenses thus obtained are shown in Table 1, 

Examples 9 to 13 

The cast molding of Example 8 was repeated except that the monomer compositions listed in Table 1 
so were used. 

The results are shown in Table 1. 

Example 14 (Comparative) 
Ultraviolet light polymerization was carried out in the same manner as in Example 8, except that 
CR— 39 (i.e., diethyleneglycoi bisallylcarbonate), which is -conventionally used as a monomer for the 
production of organic lenses, was used. However, after the 10 minute irradiation, only soft gel was 
obtained and cured products usable as lenses were not obtained. 

Examples 15 and 16 (Comparative) 
60 The cast molding of Example 8 was repeated, except that monomer compositions outside of the 
present range and listed in Table 1 were used. 

The results are shown in Table 1. . 
As is clear from the results shown in Table 1, the resins obtained from the polymenzable compositions 
according to the present invention are extremely suitable for use as resins having a high refractive index 
65 and can be widely used in various application fields. 
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Example 17 

A 50 part amount of a-{(3-acryloyloxyethoxy) naphthalene, 50 parts of epoxy acrylate obtained from the 

reaction of (a) 1 mol of an epoxy resin having an epoxy equivalent of 190 manufactured by the 

condensation of bisphenol A and epichlorohydrine with (b) 2 mols of acrylic acid at 120°C in the presence of 
s a lithium chloride catalyst, 10 parts of dipentaerythritol hexaacrylate, 0.1 part of 2-benzoyl-2- 

hydroxypropane, and 0.1 part of tris-(n-octyl) phosphite as a yellowing preventing agent were mixed and 

thoroughly stirred to form a uniform solution. 

The resultant solution was injected into glass molds for the production of luminous diode sealer and 

was then dipped GaP diode elements connected to substrates by lead-out wires. After degassing, the 
to molds were irradiated by a 3 kW high pressure mercury vapor lamp having a lamp input power of 80 W/cm. 

The solution was completely cured In 10 seconds, and a clear cured sealer having a refractive index of 1.596 

was obtained. 
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Claims 

1. A naphthalene derivative having the general formula: 

,1 



R 




cm 



25 X 



wherein R 1 is H, R 2 is— CH 2 CH 2 0— , or— CH(CH 3 )CH 2 0— , X is H, CI, Br, CH 3 , CH 3 0, CeH 8 , or C 6 H 5 0, and m is 
an integer of 1 to 3. 

2. A naphthalene derivative as claimed in claim 1, wherein X of the general formula 0') is hydrogen). 
30 3. A naphthalene derivative as claimed in claim 1, wherein said derivative is selected from the group 
consisting of a-(p-acryloyloxyethoxy) naphthalene, or a-(to-acryloyloxydiethoxy) naphthalene. 

4. A polymerizable composition suitable for use in the preparation of a high refractive index resin 
comprising: 

(A) 30% to 95% by weight of at least one monomer having the general formula: 

35 

R 1 

CH 2 =C-C-0 -f-R 2 -4_^I^_ x (I) 



40 

o 

wherein R 1 is H or CH 3 , R 2 is — CH 2 CH 2 0-, — CH(CH 3 )CH 2 0— , or — CH 2 CH(OH)CH 2 0-, X is H, CI, Br, CH 3 , 
CH 3 0, C B H S , or C 6 H 5 0, and m is an integer of 1 to 3; 
' 45 (B) 0% to 65% by weight of at least one monomer having the general formula: 

R 3 R 3 
O^Jl-OOO-f-R 4 -^ ArO-{-R 4 -^ ArO^R 4 -+-<xi<^ 

wherein R 3 is H or CH* R 4 is -CH 2 -CH 2 0-, -CH(CH 3 )CH 2 0-, or -CH 2 CH(0H)CH 2 0-, Ar is a bivalent 
ss phenol residue, n is an integer of 1 to 3, p is an integer of 0 to 4, provided that p = 0 in the case of R = 
— CH a CH 2 0— or— CH<CH 3 )CH 2 0— ; and 

(C) 5% to 30% by weight of at least one monomer having a refractive index of at least 1 .450 and having 

the general formula: 
60 R 5 

(CH 2 =C-COO-^R° 

65 wherein R B is H or CH 3 , R 6 is a saturated aliphatic hydrocarbon residue, which may contain an ether, ester, 
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or alcohol linkage, having 2 to 20 carbon atoms and having a valency of q, and q is an integer of 2 to 6, the 
total amount of the composition being 100% by weight 

5. A poiymerizable composition as claimed in claim 4, wherein X of the general formula (I) is hydrogen. 

6. Polymer resin having a high refractive index, obtainable by polymerizing a poiymerizable 
composition according to claim 4 or claim 5. 

Patentanspruche 

1. Naphthaliniderivat der allgemeinen Formel 

R 1 



I 2 

CH^c-c-o-*ir* 




in der rV fur H r R 2 fOr -CH 2 CH 2 0- oder-CH(CH 3 )CH 2 0--, XfQrH, CI, Br, CH 3 , CH 3 0, CeH 5 oder C 6 H 5 0 stent 
und m eine ganze Zahl von 1 bis 3 ist " 

2. Naphthalinderivat gemaS Anspruch 1 , worin X in der allgemeinen Formel (I') Wasserstoff bedeutet. 

3. Naphthalinderivat gemSB Anspruch 1, wobei dieses Derivat unter a-O-Acryloyloxyethoxy)- 
naphthalin oder a-(o)-Acryloyloxydiethoxy)-naphthaHn ausgewShIt wird. 

4. Polymerisierbare Zusammensetzung, die sich fur die Herstellung eines Harzes mit hohem 
Brechungsindex eignet, enthaltend: 

(A) 30 bis 95 Gew.-% mindestens eines Monomeren der allgemeinen Formel: 

R 1 

o 

in der R 1 fOr H oder CH* R 2 fflr -CH 2 CH 2 0— , — CH(CH 3 )CH 2 0— oder — CH 2 CH(0H)CH 2 O— , X fur H, CI, Br, 
CH 3 , CH 3 0, C 6 H S oder CfiH s O steht und m eine ganze Zahl von 1 bis 3 ist; 

(B) 0 bis 65 Gew.-% mindestens eines Monomeren der allgemeinen Formel: 



f r3 

OL^C-OOO-f- R 4 -4^ ArO-f-R 4 -)^ ArO+R 4 -HXC=CH 2 



(H) 



worin R 3 fQr H oder CH 3 , R 4 fur — CHa- CH 2 0— , — CH(CH 9 )CH 2 0— oder — CH 2 CH(OH)CH 2 0— steht Ar ein 
zweiwertiger Phenolrest, n eine ganze Zahl von 1 bis 3, p eine ganze Zahl von 0 bis 4 ist, mit der MaBgabe, 
daB p = 0 wenn R 4 « — CH 2 CH 2 0— oder — CH{CH 3 )CH 2 0— ; und 

(C) 5 bis 30 Gew.-% mindestens eines Monomeren, das einen Brechungsindex von mindestens 1,450 
hat und die allgemeine Formel hat: 

.R 5 

(CH.-i-COO-h-R 6 
2 q 

worin R s fOr H oder CH 3 steht, R 6 ein gesattigter aliphatischer Kohlenwasserstoffrest ist, der eine Ether-, 
Ester- oder Alkoholbindung enthalten kann und eine Wertigkeit von q hat und q eine ganze Zahl von 2 bis 6 
ist, wobei die Gesamtmenge der Zusammensetzung 100 Gew.-% betragt 

5. Polymerisierbare Zusammensetzung gemSft Anspruch 4, wobei X in der allgemeinen Formel (I) 
Wasserstoff ist 

6. Polymerharz mit hohem Brechungsindex, erhiltlich durch Polymerisation einer polymerisierbaren 
Zusammensetzung gemaS Anspruch 4 oder 5. 
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Revendications 

1. D6riv6 du naphtalene de formule generate. 

R 1 



I 2 
CH,=C-C-O^R% 




ou R 1 repr6sente H, R 2 represente — CH 2 CH 2 0— , ou — CH(CH 3 )CH 2 0— , X represente H, CI, Br, CH 3 , CH 3 0, 
is C 6 H 5 0 ou C B H 8 0, et m est un nombre entier de 1 h 3. 

2. DMv6 du naphtalene selon la revendication 1, ou X de la formule gene>ale (l')est I'hydrog^ne. 

3. Derive du naphtalene selon la revendication 1, our ledit derive est choisie dans le groupe constitue 
par ra-(P-acryloyloxy6thoxy)naphtal§ne ou ra-((D-acryloyloxydi6thoxy)naphtalene. 

4. Composition polym6risable adapt6e a I'utilisation dans la preparation d'une reslne a indlce de 
20 refraction eieve, comprenant: 

(A) 30% a 95% en poids d'au molns un monom&re de formule generate: 



R 1 



26 cH 2 J:-c-o-<-ft 2 -i — &ST?^I — y (i) 



30 ou R 1 represente H ou CH 3 , R 2 represente — CH 2 CH 2 0— , — CH(CH 3 )CH 2 0— , ou CH 2 CH{0H)CH 2 O— , X 
repr6sente H # CI, Br, CH 3 , CH 3 0, C 6 H 8 ou C e H s O, et m est un nombre entier de 1 a 3: 
(B) 0% a 65% en poids d'au moins un monomdre de formule g6nerale: 



R 3 R 3 



CH2<:-a»^R 4 4^ArOH-R 4 -4^ ArO-f R^OOOO^ (II) 

40 oCi R 3 represente H ou CH 3 , R 4 represente— CH 2 CH 2 0— ,— CH(CH 3 )CH 2 0— , ou CH 2 CH(0H)CH 2 O— , Ar est un 
reste phenol bivalent, n est un nombre entier de 1 a 3, p est un nombre entier de 0 a 4, etant entendu que 
p=0 dans le cas ou R 4 « CH 2 CH 2 0— ou — CH(CH 3 )CH 2 0— , (de plus, dans le cas ou R 4 = 
— CH 2 CH(0H)CH 2 O— , n vaut de preference 1); et 

(C) 5% a 30% en poids d'au moins un monom^re ayant un indice de refraction d'au moins 1,450 et 

45 r6pondant a la formule generate: 

R 5 

I 6 (III) 

so {CH 2 =C-COO-^R 5 

ou R 8 repr6sente H ou CH 3 , R e represente un groupe hydrocarbone allphatique sature qui peut contenir une 
liaison ether, ester ou alcool, comportant 2 a 20 atomes de carbone, et ayant une valence de q, et q est un 
65 nombre entier de 2 a 6, le total de ia composition etant de 100% en poids. 

5. Composition polym6risable selon la revendication 4, oCi X de (a formule generale (I) est I'hydrogene. 

6. Resine polym^re ayant un indice de refraction eieve, pouvant 6tre obtenu par polymerisation d'une 
composition poiymerisable selon la revendication 4 ou la revendication 5. 



15 



EP 0 126 397 B1 




1 



EP 0126 397 B1 




